The sulfur nutrition of microorganisms has been studied by many investigators. Early workers were interested essentially in sulfur compounds used by organisms as sulfur sources. Recent efforts have been directed toward the determination of mechanisms involved in the utilization of sulfur compounds. Results of investigations by Horowitz (1947) , Lampen et al. (1947) , Teas et al. (1948) , Binkley and Hudgins (1953) , and Wijesundera and Woods (1953) have led to the following proposed mechanism. Sulfate sulfur is reduced to sulfide, which is converted to organic sulfur, probably in the form of cysteine. At this stage the cysteine can condense with a 4-carbon compound, homoserine, to form the asymmetric thio ether, cystathionine. The cleavage of this compound forms homocysteine, which can then be methylated to form methionine.
In this investigation, conditions for the growth of Lactobacilus arabinosus were studied when various sulfur compounds were supplied as sulfur sources. Further, efforts were made to demonstrate the mechanism of sulfur utilization.
EXPERIMENTAL METHODS
The stock cultures of L. arabinosua strain 17-5, used in this work, were maintained on L-agar (Baltimore Biological Laboratory) as stabs. New stabs were prepared once a month, and stored in a refrigerator. The inoculum was prepared by transferring the organisms from a stab to synthetic medium or to Difco's micro inoculum broth, incubating at 37 C for about 18 hours, centrifuging and washing the cells. One drop, representing approximately 1 x 10' cells per ml final concentration, was used to inoculate all tubes. Growth was measured with a "lumetron" colorimeter, model 400-A at 650 mpA.
Synthetic medium C (Dunn et al., 1945) was used to study the sulfur nutrition of L. arabinosus. A stock medium was prepared double strength, omitting glucose, phosphate and organic sulfur compounds. Glucose and phosphate solutions were sterilized separately by autoclaving, and were pooled. Sodium pyruvate and the various sulfur compounds were prepared fresh and filter sterilized with UF sintered glass filters. Vitamins and amino acids were omitted from the basal medium when the effect of these substances was studied.
Three media, synthetic medium C, H202 treated peptone medium (Lyman et al., 1946) and AC broth (tryptone, 10 g; yeast extract, 10 g; K2HPO4, 5 g; glucose, 1 g; 5 ml of salts B, in 1000 ml of H20) were used to grow cells for resting and dried cell experiments.
Determination of methionine and serine were made microbiologically using Leuconostoc mesenteroides strain P-60 according to the procedures outlined by Barton-Wright (1952) . Paper chromatograms were used for the detection of amino acids according to the method of Consden and coworkers (1944) . The detection of alpha-keto acids was in accordance with the method of Cavallini et al. (1949) . Chemical determinations for pyruvate (Freidemann and Haugen, 1943) , cysteine (Sullivan and Hess, 1936) , and lactic acid (Barker and Summerson, 1941) From these results it seems logical to conclude that both L-cysteine and DL-homocysteine were converted to methionine by the cells of L. arabinomus strain 17-5. As indicated above, more homocysteine is required to produce growth comparable to that of cysteine and methionine. Also Cells from an 18 hour culture of L. arabino*u8 were centrifuged, washed once and suspended in phosphate buffer m/10, pH 7, to a cell concentration of about 5 X 1010 cells/ml. The cells were grown in AC broth or a medium containing H202 treated peptone to which was added homocysteine. The total volume of the reaction mixture was 4.5 ml. These tubes were incubated at 37°C. The reaction was stopped by placing the tube in a boiling water bath for 10 minutes.
The compounds used were homocyst(e)ine (10 ,MM/ml) and glucose (5-10 ,M/ml) with either choline (10-20.uM/ml), betaine (5-10 Mm/ml) or sarcosine (5-10 ,uM/ml). Vitamin B,2 (15 m,u/mi), p-aminobenzoic acid (5-10 ug/ml) and 0.2 ml of 100 X vitamin mixture as described for medium C were also used in conjunction with methyl do-
nors.
No methionine or other amino acids except the homocyst(e)ine was detected on paper chromatograms in samples removed from the reaction mixture at various time intervals over a period of 24 hours.
The utilization of cysteine and homocysteine was tested in a similar system as described above, by supplying cysteine (10 ,AM/ml) and homoserine (10 &mM/ml) or homocysteine and serine (10 uM/ml). Such cell suspension did not synthesize any amino acids even with the additions of glucose, vitamin B12 and p-aminobenzoic acid.
Suspensions of cysteine grown dried cells also failed to form any amino acids when incubated at 37 C over a period of 24 hours with, (1) DLhomocysteine alone or with DL-serine, (2) Lcysteine alone or with DL-homoserine. These were tested also in the presence of pyridoxal phosphate (45 MAg/ml), p-aminobenzoic acid, and adenosine triphosphate (50 lAM). The total volume of the reaction mixture was 2.5 ml.
2. SHIOTA AND F. M. CLARK The requirement for p-aminobenzoic acid by L. arabinosus strain 17-5 has been discussed by several investigators (Isbell, 1942; Lewis, 1942; Snell and Mitchell, 1942; Shankman, 1943; Shankman et al., 1947; and Pennington, 1946) .
The difference between the results of the pres-'ent investigation and those of others regarding the p-aminobenzoic acid requirement might be attributed to the use of the p-aminobenzoic acid independent strain of L. arabinosus with respect to methionine.
The ability of the organism to use cysteine or cystathionine as a sole sulfur source and a probable precursor of serine indicates that L. arabinosus may possess a system which is capable of converting cysteine according to the proposed mechanism by Teas et at. (1948) . Such a mechanism would satisfy both the serine and sulfur requirements of the organism when cysteine or cystathionine is supplied to the growth medium in the absence of serine. This is a most attractive mechanism to explain the replacement of serine with cysteine and cystathionine.
When dried cell suspensions of L. arabinosus were allowed to act on cystathionine, the formation of serine could not be demonstrated on paper chromatograms. Pyruvate was found as one of the products of the above reaction. One cannot decide whether pyruvate is formed directly as a result of the cystathionine cleavage, or formed with the dehydration and deamination of serine. The presence of serine dehydrase in these cells would indicate that this is a possibility. On the basis of growth experiments, it would seem that pyruvate could substitute for serine to a limited extent.
The addition of cysteine and homoserine or homocysteine and serine to live and dried cell suspensions did not yield any amino acids (cystathionine, homocysteine and methionine) as detectable on paper chromatograms. If the transformations of the above amino acids occur with the conditions employed, the products of these reactions should be detected. At the present, however, no explanation for the failure to show such reactions can be offered.
The formation of methionine from cystathionine, though in small amount, is difficult to explain in view of the negative results obtained from the additions of various materials to the dried cell suspensions as was mentioned elsewhere. The formation of HwS as one of the products of the above reaction is probably due to the desulfhydration of homocysteine. from y-methio-a-hydroxybutyric acid, desulfhydrating cysteine, and to some extent homocysteine, and dehydrating serine.
Dried cell preparations attacked cystathionine with the formation of homocysteine, ammonia, hydrogen sulfide, and methionine.
